ABSTRACT GHRS spectra of two very hot stars (BD +75°325 and Melnick 42) provide evidence for the presence of microturbulence in their photospheres. In attempting to reproduce the observed spectra, we have built theoretical models in which the microturbulence is allowed to modify not only the Doppler line widths (classical "spectroscopic" microturbulence), but also the turbulent pressure (thus mimicking a "physical" turbulence). We find that a corresponding modification of the temperature-pressure stratification influences the hydrogen and helium line profiles to the extent that the surface gravities of early O stars determined without considering micro turbulence are too low by 0.1-0.15 dex. Thus, including microturbulence would reduce, or resolve completely, a long-standing discrepancy between evolutionary and spectroscopic stellar masses.
INTRODUCTION
One of the successes of non-LTE theory for interpreting the spectra of early-type stars was that the need to invoke microturbulence in order to reproduce observed line strengths was much reduced (cf. Mihalas 1978) . Nevertheless, we report here new evidence which suggests microturbulence plays a significant role in the atmospheres of early O stars (T eff > 40,000 K). In § 2, we present the evidence for microturbulence in the photospheres of two very hot stars, observed by the Goddard High-Resolution Spectrograph (GHRS): BD -h75°325 (sdO), a radiometric standard for IUE and the Hubble Space Telescope (Bohlin et al. 1990) , and Melnick 42 (Brey 77) (G3f; cf. Heap et al. 1991) . We then show in § 3 that when the associated turbulent pressure term is introduced in the equation of hydrostatic equilibrium, the spectroscopically inferred gravities are systematically increased. In § 4, we discuss how this effect influences stellar mass determinations.
OBSERVATIONAL EVIDENCE FOR PHOTOSPHERIC
MICROTURBULENCE Two series of GHRS spectra of BD +75°325 were obtained in 1990 December and 1991 February in order to establish the sensitivity of the GHRS in its low-resolution mode. The observations used the G140L grating over the range 1000-1750 Â, with the star centered in the small science aperture (SSA; 0'.'25 x 0'.'25). In Figure 1 we show selected regions of the co-added spectrum of BD + 75°325 along with theoretical NLTE predictions. The signal-to-noise ratio of the observed spectrum, estimated from counting statistics, ranges from 130 per resolution element (0.6 Â) at 1390 Â to 110 at 1450 Â. Although no calibration for detector granularity is available yet, we estimate that the fixed-pattern noise is on order of only 1%, since each wavelength was sampled at three different places on the photocathode. Finally, and most importantly, these GHRS spectra, obtained in first order, are not vulnerable to systematic errors intrinsic to echelle spectrograms, such as errors in the interorder background or the echelle blaze function.
In order to reproduce the observed spectrum BD + 75°325, we used the NLTE model atmosphere code TLUSTY (Hubeny 1988) to construct a three-dimensional grid of models (varying T eff , gravity, metal abundances), centered on Kudritzki et al.'s (1980) parameters for BD -b75°325, namely, T eff = 55,000 K, log g = 5.3, and N(He)/N(H) = 1.5, W(N)/JV(H) = 6.3 x 10" 3 , N(C)/N(H) = 9.2 x 10~5, and solar heavy metal abundances. All models assume plane-parallel geometry, as well as hydrostatic and radiative equilibrium. Departures from LTE were allowed for the first 12 levels of H i, the first 14 levels of He n, and 15 levels of He i (all LS states for n = 2 were treated as separate states, and higher states up to n = 8 were appropriately averaged). In addition, the ground state and one or two excited states of C m-C v, N m-v, O iv-vi were considered explicitly, but their inclusion did not make any appreciable change in the models. All allowed transitions between explicit levels of hydrogen and helium were taken into account. The theoretical spectrum was calculated assuming an LTE source function in the metal lines. The list of metal lines (Kurucz 1990) contains approximately 11,000 of the strongest lines in the region 1350 < >1 < 1450 Â. There are typically 10-30 lines per angstrom, mostly of highly ionized iron-group elements, that have central opacity greater than 10" 4 of the continuum opacity. We allowed for microturbulence both in constructing the model atmospheres ( § 3) and in calculating the synthetic spectra. The four model spectra in Figure 1 , calculated with v tb = 0, 10, 20, and 30 km s -1 , show increasing line strengths with increasing v th . The overall agreement of the model spectra with the observed spectra gives us confidence that the line list is adequate and that the "continuum setting" (i.e., scaling of the observed spectrum) is correct. The scaling factor was determined by using the values of the absolutely calibrated highdispersion IVE spectrum in several continuum "windows"; the deduced factor, (d/R) 2 = 1.5 x 10 21 , is in excellent agree- ment with the value of Kudritzki et al. (1980) . The fits to the observed spectrum are very good, although not perfect, for v th = 20 or 30 km s -1 . In Figure 2 we compare a co-added high-resolution IUE spectrum of BD + 75°325 with the theoretical spectrum, shown now only for v tb = 0 and 20 km s -1 . Although this spectrum has a considerably lower S/N (25 ?) and is vulnerable to systematic errors, especially at the outer parts of the spectral orders, it is still instructive for its high resolution (about 0.12 Â), which demonstrates the detailed correspondence of theoretical and observed spectral features and verifies the presence of "continuum windows" (such as the one at 1399 Â). We find that the shapes of spectral features-all blends-are best matched with v sin i as low as 10 km s -^ Again, the strengths of spectral features are better matched with a high microturbulence, v th = 20 km s -1 . Is there any plausible explanation of the strength of the observed UV lines other than the high microturbulent velocity? It does not seem very likely. Below, we consider three alternate explanations: errors in the model parameters and/or atomic data, non-LTE formation of the metal lines, and effects of a velocity gradient (i.e., a wind). First, we have found that decreasing T eff by 5000 K and/or changing log g by 0.5 dex does not yield any major change of the computed UV spectrum. Also, increasing all metal abundances by (an unreasonably high) factor of 5 still results in a grossly inadequate match to the observed UV spectrum. Test calculations show that uncertainties in the damping constants for metal lines have only a minor influence on the computed spectrum, which is not surprising since most of the contribution to the line blocking comes from the Doppler cores. Uncertainties in the g/ 1 values may very probably account for the remaining discrepancies in the strength of the individual features, but it is unlikely that they are systematically too slow by as much as one order of magnitude or more, the amount needed to explain the observed spectrum without invoking microturbulence.
Second, NLTE effects in the formation of the observed lines appear to be insignificant. The vast majority of observed features are blends of weak and moderately strong lines of Ni v. Ni iv, and Fe v (in this order of importance) from excited states with typical excitation potentials of 150,000-250,000 cm -1 . Since the energy level separations are about 70,000 cm -1 , and all levels are connected by a large number of transitions to neighboring levels, it is unlikely that NLTE departure coefficients (h-factors) differ significantly for the lower and upper levels of the corresponding transitions. Also, the line line).
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Wavelength ( source function depends on the ratio of the h-factors but not on their absolute value, so the only appreciable NLTE effect (if any) may be a slight shift in the ionization balance.
Finally, there is no evidence for a wind in BD + 75°325 other than a "slight asymmetry" in the profiles of the N v /U1238, 1242 doublet noted by Hamann et al. (1981) , so the assumption of pure photospheric absorption should be valid. Nor is there much doubt that the plane-parallel assumption is valid for subdwarfs, so sphericity effects cannot be invoked to explain the strong absorption. We therefore conclude that microturbulence is needed to explain the observed strength of BD + 75°325.
In Figure 3 we compare the observed spectrum of Melnick 42 with the calculated spectrum from a model with T eff = 42,500 K, log g = 3.75, and ¿ solar metal abundances. While a microturbulence of 25 km s -1 certainly improves the agreement with the observed spectrum, there are still significant differences. Such differences may be resolved by adding absorption formed in the wind. However, note that microturbulence markedly improves the fit to weak lines, which are likely formed in the photosphere (see § 3). We conclude that microturbulence is important even for stars with strong winds. Figure 4 we compare the depth of line formation of typical UV absorption lines with that of Hy by plotting the mass-point at t v = f versus wavelength. Note that the wings of the Hy line are formed in the same region of the photosphere as are the weak and moderately strong UV metal lines. Hence, it is necessary to investigate the effects of microturbulence on the optical spectrum.
CONSEQUENCE OF MICROTURBULENCE FOR THE INFERRED PHOTOSPHERIC PARAMETERS In
For this purpose, we have computed a grid of models appropriate to early O stars, i.e., T eff = 37,500-45,000 K, log g = 3.5-4.25, and normal abundances. The models were computed under the same assumptions, and for the same model atoms, as those described above; the only difference is allowance for a wind-blanketing albedo (cf. Abbott & Hummer 1985) . We allow for microturbulence in the calculation of the models by introducing a turbulent pressure, P tb = {\)pv^h. The hydrostatic equilibrium equation then reads dP iot /dm = g, where m is the column mass, and P tot = P gas + P rad + P tb . (In principle, the models should also include an energy term corresponding to mechanical energy dissipation, but since our values of turbulent velocity are still subsonic or about sonic, this term is likely negligible.) This idea is not new, but it has never been pursued too far because the turbulent pressure is usually only a small fraction of the total pressure. In our case, however, the " spectroscopic " microturbulent velocity needed to match the UV spectrum is relatively high; hence, turbulent pressure represents a substantial fraction of the total pressure. Consequently, the density in the line-forming region decreases, and so does the strength of hydrogen and helium lines via diminished Stark line broadening. We stress that the UV metal lines are influenced by microturbulence both directly (via increased Doppler width) and indirectly (via modified temperature-pressure stratification), while for hydrogen and helium, which have large thermal velocities, the lines are influenced only indirectly. Nevertheless, this indirect effect is very important. p tb = 0 km s -1 surface in the direction of increasing gravity. Other similar diagrams may be constructed, and all show an analogous offset of about 0.1-0.15 in log g. In the next section, we argue that this seemingly small but systematic underestimate of gravity may have important consequences.
CONSEQUENCES FOR STELLAR MASSES
There is a systematic discrepancy between the masses of O-type stars derived by spectroscopic means, M sp , and the masses inferred from a comparison with evolutionary tracks, M ev . In the case of young, massive O stars, M sp is on average a factor of 2 lower than M ev (Herrero, Vilchez, & Kudritzki 1990 , and references therein). On the other hand, the spectroscopic & ALTNER masses of O-type central stars of planetary nebulae are significantly higher than those inferred from evolutionary diagrams (Schönberner 1981; Méndez et al. 1988) . Surprisingly, both discrepancies are reduced or eliminated entirely if the gravities are increased. In the case of young, massive O stars, M sp is estimated directly from the stellar radius and gravity: M sp oc gR 2 . Thus, raising the gravity results in a proportional increase in M sp , e.g., A log # = 0.125 leads to a 33% increase in mass. For O-type central stars of planetary nebulae, however, a higher gravity translates to a lower mass. For these stars, M sp is usually determined via the use of the Stefan-Boltzmann equation, L oc R 2 Te ff x MgT 1 Tç ff , combined with Paczynski's (1971) mass-luminosity relation for planetary nuclei, L = 60,000(M -0.522). For example, a star with T eff = 42,500 K has M sp = 0.90 if log g = 3.5 but has a lower mass, M sp = 0.79, if log g = 3.6.
These findings support the contention that spectroscopic masses that are based only on gravity are uncertain at best and are probably systematically in error. As suggested by Kudritzki & Hummer (1990) , wind line profiles should help to determine the mass of an OB star far more accurately than can be derived from its surface gravity.
Microturbulence has been largely overlooked in spectroscopic diagnostics of hot stars. Until now there has been no pressing need to introduce a parameter which many workers in the field, including us, considered ad hoc and unnecessary. Our analysis of the GHRS observations pose a serious warning about the limitations of contemporary spectroscopic diagnostics of hot stars. We hope that they also provide impetus for further theoretical research on the origin and behavior of turbulence in stellar atmospheres.
